Objective: This study was undertaken to evaluate and compare total phenolics and total flavonoides, and antioxidant capacity of propolis and Echinacea purpurea ethanol extracts. Methods: Propolis and dried Echinacea purpurea extracts were obtained by extraction methods. The extracts were tested for total phenol and total flavonoid contents and antioxidant capacity was determined by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. Results: The content of total phenolics and total flavonoids of propolis were found to be higher than Echinacea. The E.purpurea extract exhibited nearly 10 times lower antioxidant content in comparison with the propolis extracts. The 70% ethanol extract of propolis presented maximum antioxidant content, and the IC50 concentration was found to be higher in the 96% ethanol extract. However, both of the propolis extracts exhibited similar antioxidant activities. Conclusions: In the present study, the extracts of Echinacea purpurea and propolis were studied as sources of natural antioxidants. The results from the antioxidant assays show that all extracts can act as radical scavengers to a certain extent. They exhibit potent antioxidant activity in different solvent concentrations. Further studies in this area are in progress.
INTRODUCTION
Recent years have seen growing interest on the part of consumers, the food industry, and researchers into food and the ways in which it may help maintain human health. Crude extracts of herbs rich in phenolic compounds are of increasing interest in the food industry, because they retard oxidative degradation of lipids and thereby improve the quality and nutritional value of food. Echinacea-based phytomedicines are among the most popular herbal products sold in North America and Europe [1] . Diversity of products, species, and phytochemicals is a key feature of this herbal medicine. There are over 800 Echinacea purpurea products in Europe alone which are based on different plant parts and widely different extraction or formulation techniques. There is a large number of other species and varieties in the genus. The phytochemistry of the genus is diverse (several classes of phytochemicals) and redundant (many phytochemical analogues per class) and these phytochemicals provide several types of medicinally important biological activities. All of the above make the understanding and quality control and improvement of Echinacea products challenging [2] .
Species of the genus Echinacea show a high level of phytochemical redundancy with at least six different classes of secondary metabolites and multiple derivatives within any class [2] . Most biological activities have been associated with three classes of Echinacea phytochemicals: the caffeic acid derivatives (phenolics), the alkamides, and cell-wall derived polysaccharides. The main active compounds of the aerial parts of Echinacea purpurea are alkamides and polyacetylenes, caffeic and ferulic acid derivatives, polysaccharides (such as 4-O-methylglucuronylarabinoxylans, rhamnoarabinogalactans and acidic arabinogalactan) and glycoproteins. Among the caffeic acid derivatives, only the cichoric acid, which is found to be the main phenolic compound in Echinacea purpurea, shows immunostimulatory properties, promoting phagocyte activity in vitro and in vivo, antihyaluronidase activity and has a protective effect on the free-radical-induced degradation of collagen. Beside cichoric acid, typical constituents of Echinacea purpurea extracts are echinacoside, chlorogenic acid, cynarine and caftaric acid. All of them are able to inhibit free radical production and lipid peroxidation, involved in the development of inflammation [3] .
The antioxidant activity of Echinacea purpurea extracts has been already shown. Generally, the tested Echinacea purpurea extracts showed medium to low activity compared to the other investigated medicinal and aromatic plants. The antioxidant activity could be ascribed to the polyphenolic components, such as flavonoids, phenolic acids or phenolic diterpenes [4] .
The benefits of effects of propolis on human health were recognized thousands of years ago. Its chemical composition is very complex and varies with geographic origin, depending on the local flora and phenology of the source plants. Propolis is well known for its antibacterial, antifungal, antitrypanosomal, antimicrobial, antioxidant, antiinflammatory, and antihepatotoxic activities. Propolis is used in a number of commercial dietary supplements, as a food preservative and as a germicide and insecticide. The chemical composition and biological activities of propolis depend mainly upon the local flora, the geographic region, and the climate. Thus, development of analytical methods to evaluate the antioxidant capacity and to discriminate the floral origin of propolis is necessary [5] . The major flavonoids, comprising about 25-30% of the ethanol extract of propolis on a dry weight basis, are galangin, isalpinin, kaempferol, kaemferid, rhamnocitrin, rhamnetin, quercitin, pinocembrin, pinostrobin and pinobanksin [6] .
The antioxidant activity of the propolis and Echinacea purpurea extracts is mainly attributed to their phenolic compounds such as flavonoids, phenolic acids and polyphenolic compounds which neutralize free radicals including hydrogen peroxide (H 2 O 2 ), superoxide (O 2 • -), hydroxyl (•OH -) and peroxyl (ROO•) radicals by different mechanism including metal chelation and electron donation as reducing agent [6, 7] . The objectives of this study were to evaluate and compare total phenolics and total flavonoides, and antioxidant capacity of propolis and Echinacea purpurea ethanol extracts.
MATERIALS AND METHODS

Chemical reagents
HPLC methanol, 70% and 96% ethanol, gallic acid, (+)-catechin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteu's phenol reagent, Na 2 CO 3 , NaNO 2 , AlCl 3 , NaOH, ascorbic acid were purchased from Sigma (St. Louis, MO, USA). All other chemicals were of analytical grade. Propolis and Echinacea purpurea were kept in dry and cold conditions.
Sample preparation
The study covered propolis and Echinacea purpurea varieties of species from different regions of Bulgaria. The samples were mixed and the mean sample was used for analysis. The sampling was carried out during one year according to the seasonality of harvesting for individual species. All samples data are stated in the sampling protocol and were kept in a dry place until further use. Propolis extract was obtained by applying two different concetration of ethanol as the solvent. Two ethanolic propolis extracts, i.e. 1:100 w/v in 96% ethanol and 1:100 w/v in 70% ethanol, were worked up by maceration for 24 h at room temperature with continuous agitation. Dried Echinacea purpurea was ground to a powder. Echinacea purpurea was extracted (1:100 w/v in 96% ethanol) at room temperature for 24 h.
Total phenolic assay
The total phenolic content of propolis and E.purpurea ethanol extracts were determined by using the modified Folin-Ciocalteu assay [8] . An aliquot (1 ml) of extracts or standard solution of gallic acid (10, 20, 40, 60, 80, 100 and 120 mg/l) was added to 25 ml volumetric flask, containing 9 ml of distilled deionised water (dd H 2 O). A reagent blank using dd H 2 O was prepared. One milliliter of FolinCiocalteu's phenol reagent was added to the mixture and shaken. After 5 min, 10 ml of 7% Na 2 CO 3 solution was added to the mixture. To the solution the dd H 2 O was added up to volume of 25 ml and mixed. After incubation for 90 min at room temperature, the absorbance against prepared reagent blank was determined at 750 nm with an UV-VIS spectrophotometer (Cary; Varian Australian Pry. Ltd., Mulgrave, VIC, Australia). Total phenolic content of extracts were expressed as mg gallic acid equivalents per 100 ml (GAE/100 ml). All samples were analyzed in duplicates.
Total flavonoid assay
The total flavonoid contents were measured by a modified aluminum chloride colorimetric assay [8] . An aliquot (1 ml) of extracts or standard solution of catechin (10, 20, 40, 60, 80 , 100 and 120 mg/l) was added to 10 ml volumetric flask, containing 4 ml of distilled dd H 2 O. 0.3 ml 5% NaNO 2 was added to the flask. After 5 min, 0.3 ml of 10% AlCl 3 was added. At 6 th min, 2 ml 1 M NaOH was added and the total volume was made up to 10 ml with dd H 2 O. The solution was mixed well and the absorbance was measured against prepared reagent blank at 510 nm. Total flavonoid contents of extracts were expressed as mg catechin equivalents per 100 ml (CE/100 ml). All samples were analyzed in duplicates.
Determination of free radical scavenging activity
The DPPH• + assay provides information on the reactivity of test compounds with a stable free radical. Because of its odd electron, DPPH• + gives a strong absorption band at 517 nm in visible spectroscopy (deep violet color). As this electron becomes paired off in the presence of a free radical scavenger, the absorption vanishes, and the resulting decolorization is steichiometric with respect to the number of electrons taken up. The 2,2-diphenyl-1-picrylhydrazyl radical (DPPH• + ) has been widely used to evaluate the antioxidant capacity (AOC) of natural antioxidants. DPPH• + is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule. The AOC of tested samples was determined photometrically using the DPPH• + method [9] . Briefly, 1 ml diluted extract sample was added to 4 ml 0.004% solution of DPPH• + in methanol (0.004 mg/ 100 ml). After 60 min solution retention in the dark, the light absorption was measured in 1 cm standard cuvette at 517 nm with a UV-VIS-spectrophotometer (Unicam ® -Helios β). The reference liquid was methanol. The free radical inhibition (scavenging) was calculated by following formula: The DPPH• solution was freshly prepared daily, stored in a flask covered with aluminum foil, and kept in the dark at 4ºC before measurements. The IC 50 is a parameter representing the extract concentration, able to inhibit 50% of the used DPPH• + amount. It was determined by drawing a graph with sample concentration C w (ml exract/l solvent) on the abscissa and free radical inhibition capacity I [%] as ordinate. A series of samples was prepared as already described. The initial extract sample was diluted in a manner to obtain a linear graph which lies in the zone of 0 to over 50% radical scavenging capacity. Dilutions were as follows: -Exinacea purpurea; 1, 2, 3, 4 and 5 ml/l -Propolis (1 and 2) ; 0.1, 0.2, 0.3, 0.4 and 0.5 ml/l This means 1-5 ml of Exinacea purpurea or 0.1-0.5 ml) of propolis extracts were dissolved in 1 liter extractant (ethanol). The extract concentration which reduces 50% of free radicals (IC 50 ) can be calculated by using graph equation or can be simply determined from the graph. Each sample was analyzed at least three times, and a mean value was calculated [10] . The correlation coefficient for Echinacea purpurea graph is R 2 = 0.9848; R 2 = 0.9699 for propolis 1 and R 2 =0.9541 for propolis 2.
RESULTS
The contents for total phenolics and flavonoids of propolis were found to be much higher than and E.purpurea extract as shown in Table 1 . These results indicate that a higher antioxidant activity of the propolis extracts compared to the E.purpurea extract may correlate to the phenolic and flavonoid content of the respective extracts.
To evaluate the scavenging effect of DPPH• + in ethanol extracts of E.purpurea and propolis, DPPH• + inhibition was investigated and these results are shown as relative activities against control. The extracts manufactured by E.purpurea and propolis showed different antioxidant activities. The antioxidant activity of the 70% ethanol extract of propolis was higher than all the others. The graph in Fig.1 (inhibition/concentration) present the results obtained to the method described above. The exact IC50% values of analyzed extracts are shown in Table 2 . The 70% ethanol extract of propolis were found the richest source of antioxidants among the samples investigated. The IC 50 value of the 70% extract was also found to be lower than that of the 96% extract (Table 2) . Total phenolic content is expressed as mg GAE/100 ml and total flavonoid content as mg CE/100 ml. RSD, relative standard deviation; n = 3 for all experiments. In addition, we compared the antioxidant capacity of our samples with that of vitamin C (ascorbic acid). The same procedure was applied to vitamin C, and its IC 50 value was determined. As result, the sample from Echinacea exhibited nearly 10 times lower antioxidant content in comparison with propolis extracts (Fig.2) .
DISCUSION
Flavonoids in propolis have been studied frequently in the last years due to their biological effect on health. Not all propolis samples are the same, although they present similar biological activity. The vegetation available to bees in order to create propolis is very important and determinant for propolis composition. Flavonoids and phenolics are the major complementary compounds of propolis that have beneficial effects as natural antioxidants and prevent oxidative damage of DNA caused by reactive oxygen species [11] . The antioxidant effects may be a result of a combination of radical scavenging and an interaction with enzyme functions. Some components of propolis are absorbed and circulate in the blood and behave as hydrophilic antioxidant and save vitamin C [12] . Large amounts of cichoric and caftaric acids, which are largely recognized in the inhibition of hyaluronidase secreted by Streptococci and other bacteria to enable penetration into tissue, have been demonstrated with Echinacea plant juice [13] . E.purpurea was used to treat dizziness, snake bites and as an anti-infective agent until the advent of modern antibiotics [3] . Additionally, root extracts of E.purpurea were found to contain antioxidant compounds [14] , to be capable of scavenging hydroxyl radicals and to suppress the oxidation of human low-density lipoprotein [15] .
Polyphenolic compounds have been found to protect erythrocytes from oxidative stress or increase their resistance to damage caused by oxidants [16] [17] [18] [19] . They are able to act as antioxidants in a number of ways, mainly as reducing agents, hydrogen donors, singlet oxygen quenchers, and metal chelating agents [19] [20] [21] .
The antioxidant properties of propolis extracts are certainly related to its chemical composition. Many studies have evidenced the presence of flavonoids (including flavones, flavonols, flavanones and dihydroflavonols) and other phenolics (mainly substituted cinnamic acids and their esters) as main active constituents of propolis possessing potent antioxidant activities [19, [22] [23] [24] . Flavonoids represent the main group of chemical compounds present in the European propolis samples and are well-known to possess antioxidant activity, mainly via their free radical scavenging activity and metal chelating properties [19, 20, 25, 26] . Many studies have already shown strong antioxidant properties for different propolis samples using different chemical assays, such as scavenging of DPPH• + [12, 19, 27, 28] , scavenging of superoxide anion [19, 29] , β-carotene bleaching assay [19, 23] , and inhibition of DNA cleavage induced by hydrogen peroxide UV-photolysis [19, 29] . The antioxidant potential of propolis samples from northeast and center regions of Portugal was evaluated by their ability to inhibit the 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH)-induced oxidative hemolysis and lipid peroxidation in human erythrocytes [19] . Under the experimental conditions described, the three selected samples exhibited good antioxidant activity. It was interesting to note that the antioxidant activity of the propolis extract with 70% ethanol was higher compared to that with 96% ethanol. This decrease in antioxidant activity might be due to the solubility of some antioxidants compounds with a potential of better solubility in water.
In the existent studies on the chemical composition of European propolis it have only been determined and identified the phenolic compounds and flavonoids [12, [30] [31] [32] [33] [34] . The total quantity of polyphenols and flavonoids in propolis are important parameters to evaluate the quality and biological potentialities of the product [12, 34] . The specific phenolic composition of propolis is extremely dependent on the plants found around the hive, as well on the geographic and climatic characteristics of the place [34, 35] .
According to the literature [33, 35, 36] , the majority of compounds already identified in propolis are polyphenols. Globally, the present results are in agreement with the data obtained by Moreira et al [12] and Silva et al [33] , who studied propolis from the northeast of Portugal. However, Miguel et al [37] obtained inferior values when analyzing propolis from the south of the same country. This discrepancy may be due to the great distances between the origin and the different apicultural practices. In fact, our data suggest that propolis from different places have different concentrations of polyphenols. The values obtained for catechin and gallic acid, which were used as standards, were bellow the concentration obtained in this study for flavonoids. This is in agreement with other reports [30, 31, 33] that refer the minor importance of gallic acid in propolis from temperate zones. This phenolic acid is mostly found in tropical samples. In propolis from the Mediterranean region flavonoids and esters of caffeic and ferulic acids prevailed. Considering that the hydro-alcoholic extract was the most effective, it was used in all the assays performed after [33] .
In conclusion, the present study suggests that ethanolic extracts of E.purpurea and propolis are potential sources of active natural and non-toxic substances, which have functions as antioxidants, antimicrobials and antibiotics. The experiment shows that propolis extracts have 35 to 50-fold higher activity than ascorbic acid, examined by the same mean. These activity results were in accordance with the results of total phenols found in the two different propolis origins. The radical scavenging ability of E.purpurea flower extract could be attributable to the caffeic acid derivatives. The order of potency against DPPH• + radicals was the following: propolis (70% ethanol) > propolis (96% ethanol) > Echinacea purpurea > Ascorbic acid. So, the total phenols content was considered the main responsible for the antioxidant activity of different extracts.
